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(57) ABSTRACT

A method and apparatus of m-painting an 1image using pri-
oritized graph cut optimization 1s disclosed. In one embodi-
ment, the method includes examining an 1image comprising a
plurality of pixels that form a source region and a target
region, wherein the source region comprises pixel informa-
tion partitioning the source region into blocks, defiming
boundary areas comprising a portion of the source region and
a portion of the target region, computing a plurality of energy
values for the source region and the boundary areas, wherein
energy values represent imtensity comparisons between the
boundary areas and neighboring blocks of the source region
and assigning labels to the boundary areas using on a graph-
cut technique, wherein each label 1s associated with a neigh-
boring block and an minimal energy value for each boundary
area and storing pixel information based on the pixel infor-
mation of the neighboring blocks associated with the minimal
energy values.

20 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS FOR
PERFORMING AN IN-PAINTING PROCESS
ON AN IMAGE

BACKGROUND

1. Field of the Invention

Embodiments of the present invention generally relate to
an 1mage processing system and, more particularly, to a
method and apparatus for performing an in-painting process
on an 1mage using prioritized graph cut optimization.

2. Description of the Related Art

Conventional computer-based 1image processing systems
utilize various computer-vision principles and techniques,
such as patch (block)-based in-painting and exemplar-based
in-painting processes, to restore and/or otherwise improve
images. These images may be damaged or include missing
portions. Accordingly, the image processing systems modify
pixels to improve visual quality, restore damaged portions
and replace any missing regions.

These processes, however, are iterative solutions that
divide an 1mage into a plurality of blocks (e.g., eightxeight
pixels, sixteenxsixteen pixels and the like) and operate on a
block-by-block basis to perform in-painting. Basically, the
typical process in-paints individual blocks and not groups of
blocks. In other words, such techniques do not efficiently and
accurately 1dentily the best labels for multiple blocks to be
in-painted during a single 1teration. Labels generally translate
into one or more 1intensity values where each value represents
an amount or strength of at least one color component as
displayed 1n one or more pixels (1.e., a block of pixels).
Instead, these techniques assign labels one block at a time.
While a label may be optimal for a certain block, the label 1s
not optimal for the multiple blocks. Accordingly, errors often
result from performing the in-painting process on the block-
by-block basis. Erroneous labels are used 1n subsequent itera-
tions resulting in propagation of the errors throughout the
entire 1n-painting process. As a result, typical in-painting
processes operate very slowly and inetficiently.

In addition, these processes employ various optimization
(1.e., mmimization) techniques to solve an in-painting prob-
lem by finding the best labels. Such optimization techniques
evaluate pixel information of an 1mage and assign labels to
whole blocks of pixels. Each label represents an approximate
intensity value for each and every pixel within the block.
Therefore, instead of examining an intensity value for each
primary color component of each pixel, these optimization
techniques process labels that represent multiple 1ntensity
values for an entire block of pixels. Unfortunately, there are
numerous potential labels for the pixels in the image. Because
of the large number of labels (intensity values), executing any
of these optimization techniques requires significant process-
ing power. For example, implementing a graph-cut minimi-
zation technique for an 1image having more than two labels
(for non-binary labeling 1n a non-binary image) 1s very com-
plex and NP-hard (non-deterministic polynomial-time hard).

Therefore, there exists a need for amethod and apparatus to
perform an in-painting process on an 1mage using a priori-
tized graph cut optimization techmque.

SUMMARY

Various embodiments comprise a method and apparatus of
in-painting an image using prioritized graph cut optimization.
In one embodiment, the method includes examining an image
comprising a plurality of pixels that form a source region and
a target region, wherein the source region comprises pixel
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information partitioning the source region into blocks. The
method further includes defining a plurality of boundary
areas comprising a portion of the source region and a portion

ol the target region and examining a plurality of energy values
for the source region and the boundary areas, wherein energy
values represent intensity comparisons between the boundary
arecas and neighboring blocks of the source region. The
method further includes assigning intensity values to the
boundary areas using on a graph-cut technique, wherein each
intensity value 1s associated with a neighboring block and a
minimal energy value for each boundary area, and storing
pixel information for the boundary areas based on the pixel
information of the neighboring blocks associated with the
minimal energy values.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present mvention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 1illustrates a computing system for performing an
in-painting process on an image in accordance with at least
one embodiment;

FIG. 2 illustrates a schematic of an image to be 1in-painted
in accordance with at least one embodiment;

FIG. 3 illustrates a graph-cut representation of an image to
be m-painted in accordance with at least one embodiment;

FIG. 4 illustrates a flow diagram of a method for perform-
Ing an in-painting process on an image using a graph-cut
technique 1n accordance with at least one embodiment;

FIG. S illustrates a flow chart of a method for assigning
labels to boundary areas in accordance with at least one
embodiment; and

FIGS. 6A-B illustrate a flow diagram of a method for
executing a label assignment expansion procedure and a label
assignment swap procedure on a source region and boundary
areas 1n an 1mage to be imn-painted 1n accordance with at least
one embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a computing system 100 for performing
an 1n-painting process on an image through prioritized graph
cut optimization 1n accordance with at least one embodiment.
The computing system 100 1s a type of computing device
(e.g., a laptop, a desktop, a server, a mobile device, a multi-
media recording device and/or the like) that comprises a
Central Processing Unit (CPU) 102, support circuits 104, a
memory 106, image processing software 108, an image 110,
an energy computation module 112, pixel information 114, a
graph 116, a graph-cut module 118 and a label assignment
120.

The CPU 102 comprises one or more commercially avail-
able microprocessors or microcontrollers that facilitate data
processing and storage. The support circuits 104 facilitate
operation of the CPU 102 and 1nclude clock circuits, buses,
power supplies, mput/output circuits and/or the like. The
memory 106 includes a read only memory, random access
memory, disk drive storage, optical storage, removable stor-
age, and the like. The memory 106 further includes various
software packages, such as the image processing component
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108, the energy computation module 112, the graph-cut mod-
ule 118 and the image processing software 108. The memory
106 further stores various data, such as the image 110, the
pixel information 114 and the graph 116.

The image processing software 108 includes software code
(processor executable instructions) for solving an in-painting
problem for the image 110. For example, the image 110 may
include pixel blocks 1n need of restoration. The 1mage pro-
cessing software 108 utilizes the energy computations mod-
ule 112 and the graph-cut module 118 to perform prioritized
graph-cut optimization as explained further below. The image
110 1s partitioned 1into smaller regions where a global mini-
mization problem of image in-painting i1s converted to a local
mimmization problem. Thus, the 1n-painting module 1s con-
figured to m-paint multiple blocks instead of one block that
enables the evaluation of visual association of multiple blocks
with the background as 1n the 1mage 110.

The pixel information 114 maintains color, texture and/or
scene information for the image 110. The pixel information
114, for example, may include a two-dimensional represen-
tation of the image 110 where each pixel 1s associated with
one or more intensity values indicating a relative strength of
one or more corresponding color components. The pixel
information 114 may also include depth values retlecting
distance and opacity of the each pixel. In some embodiments,
the pixel information 114 includes a five-component repre-
sentation for each pixel. Such a representation can be
expressed as an 1mage processing tensor that includes at least
a single dimensional 1mage processing matrix (1.e., vector)
for at least a two-dimensional image. An exemplary embodi-
ment of such a matrix 1s as follows:

This 1image processing matrix includes primary color com-
ponents [X,, X,, X, ]| for the image 110, 3, x (1.e., the product of
partial derivative along a horizontal direction and a normal-
ization of the primary color components) and 2 x (1.e., the
product of partial dervative along a vertical direction and a
normalization factor of the primary color components). X, X,
and X, are intensity values for the primary color components
(e.g., red, green, blue (RGB) components), where each inten-
sity value represents an amount or saturation of a particular
color 1n the pixel. For example, if the pixel information 114
includes a full or strong intensity for each primary color
component, the image 110 appears completely whate. In addi-
tion, an 1ntensity value for a block of pixels may be approxi-
mated or computed without examining the intensity values
tor each pixel. Comparisons between the approximate inten-
sity value and actual intensity values affect a global energy of
the 1image 110 as described further below.

The energy computation module 112 includes software
code (processor executable instructions) for producing
energy values for the image 110 boundary areas as explained
below. The energy computation module 112 computes data
costs between the boundary areas and the neighboring blocks
using one or more intensity values (1.e., labels). The data cost
relates to a directional information of a block of pixels within
the image 110. The energy computation module 112 com-
putes a smoothness cost associated with assigning a same
intensity value (1.e., a same label) to a pair of the neighboring
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blocks. In some embodiments, smoothness costs using a top-
down label assignment are differentiated from a left-right

label assignment. The energy values represent intensity coms-
parisons between the neighboring blocks and the boundary
areas.

When the image 110 1s transformed 1nto a graph-cut struc-
ture for minimizing global energy, each vertice v, 1in a setV 1s
a block of pixels and each edge 1n a set E represents two
neighboring blocks (v;, v;). Generally, by assuming Markov
random field prior, we define the global energy as:

EX)= Y Em)+A ) Ev,v))

vieV (Fj,Fj)EE

Generally, E, encodes a data cost or the similarity of an i
neighboring block (v,) for a boundary area. E, implements a
smoothness cost or the similarity between the neighboring
block (v,) and another neighboring block (v;) (e.g., an adjoin-
ing neighboring block) for the boundary area, where A 1s a
tuning parameter. By minimizing the global energy using a
graph-cut technique, an optimal or most-optimal label assign-
ment 120 (1.e., mtensity values) 1s determined as explained
turther below with respect to FIGS. 5 and 6 A-B.

The graph 116 1s a graph-cut representation of the image X
having a source region and a target region where the intensity
values (1.e., labels) can be assigned using prioritized graph-
cut optimization. According to various embodiments, the
graph-cut module 118 facilitates the prioritized graph-cut
optimization by performing a max-tlow/min-cut operation on
the graph 116. An underlying principle of the prioritized
graph-cut optimization 1s that an optimal or most-optimal
solution (1.e., a label for a boundary area) should exist in a
neighboring block the source region and target region. The
prioritized graph-cut technique disregards blocks beyond a
predefined distance. As such, the neighboring blocks are pri-
oritized based on distance from the boundary areas.

After the image processing software 108 1nitializes blocks
of the 1mage 110 with labels (1.e., approximate intensity val-
ues for an entire block), the image processing software 108
utilizes the graph-cut module 118 to determine an optimal
label assignment 120 for the image 110. Basically, the image
processing software 108 uses the approximate itensity val-
ues for whole neighboring blocks to identify those neighbor-
ing blocks that best match the boundary areas. Then, the
image processing software 108 copies actual intensity values
from the matching neighboring blocks to the pixel informa-
tion 114 for the boundary areas according to one or more
embodiments.

After the image processing software 108 identity damaged
images (e.g., scratched photos), the 1image processing sofit-
ware 108 may restore or repair any portion thereof based on
the pixel information 114 from the matching neighboring
blocks. The image processing soitware 108 may also 1identify
undesired objects within the image 110. These objects are
removed from the image 110 and replaced with the pixel
information 114 of the matching neighboring blocks. In other
embodiments, the 1mage processing software 108 may add
objects to the image 110 and/or move objects to another
location within the image 110.

FIG. 2 illustrates a schematic depicting an image 200 com-
prising a source region 202, a target region 204 and boundary
areas 206 according to one or more embodiments. The source
region 202 includes blocks of pixels that include pixel infor-
mation. The target region 204 also includes blocks of pixels,
but these blocks may include no and/or incorrect pixel infor-
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mation (1.¢., the target region 204 1s a portion of the image 200
being in-painted using pixel information from the source
region 202). The boundary areas 206 includes pixels from the
source region 202 and the target region 204, where each
boundary area 206 overlaps a portion of the source region 202
and a portion of the target region 204. As such, the boundary
areas 206 include only the pixel information provided by the

overlapping portions of the source region 202 according to
one or more embodiments.

The image 200 further includes neighboring blocks 208 for
the boundary areas 206. As shown below i FIG. 6A-B,
intensity values associated with the neighboring blocks 208
are used to determine an optimal label (1.e., approximate
intensity value) for each of the boundary areas 206. The
optimal labels are associated with minimal energy values for
the source region 202 and the boundary areas 206. The inten-
sity values of the neighboring blocks 208 are prioritized and/
or weighted according to a distance between each center pixel
to a center pixel of each of the boundary areas 206. Between
two or more neighboring blocks 208, for example, a lower
priority (1.e., weight) 1s assigned to the neighboring block 208
that 1s further way from a certain boundary area 206. In some
embodiments, only neighboring blocks 208 that are within
eight or less pixels from the pixel center of the certain bound-
ary area 206 are used as candidates for the prioritized graph-
cut optimization as described further below.

Thereafter, at least one of the neighboring blocks 1s 1den-
tified that 1s associated with a minimal energy value of the
plurality of energy values for the boundary areas according to
a prioritized graph cut minimization technique, where the
mimmal energy value represents an minimal disagreement
between the intensity values of boundary areas and the neigh-
boring blocks. The neighboring block 208 1s an 1image patch
having a patch size p, xp, . At each sampling instance (s_ xs, )
patches are cropped and at each in-painting iteration, a best
match for the boundary areas 206 1s located in the source
region 202 until the target region 204 1s completely
in-painted.

FIG. 3 illustrates a graph 300 that represents a graph-cut
structure of an 1image 302 to be in-painted according to one or
more embodiments of the present invention. The graph 300
includes a source 304 and a sink 306, which represent poten-
tial itensity values (e.g., labels) for assignment to a source
region and boundary areas of the image 302. The graph 300
turther includes nodes 308 that represent portions (1.€., blocks
of pixels, such an eight pixel by eight pixel block) of the
source region and the boundary areas.

The prioritized graph-cut optimization involves alternate
execution of a label assignment expansion procedure (e.g., as
show 1n FIG. 6A) and/or a label assignment swap procedure
(c.g., as show 1n FIG. 6B), where each procedure uses a
graph-cut technique to 1dentity a minimum cut of the graph
300. The minimum cut refers to an assignment of one or more
intensity values that are associated with minimal energy val-
ues for the source region and the boundary areas. In some
embodiments, these procedures are alternately executed 1n
order to converge upon an optimal label assignment for the
boundary areas.

In an expansion operation, the 1mage processing software
modifies labels (e.g., approximate intensity values) for one or
more nodes 308 (e.g., blocks of pixels in the source region,
boundary areas and/or the target region) that border other
nodes 308 assigned the label a. In some embodiments, the
labels are replaced with label a. In the graph 300, the source
304 may be labeled a to represent a particular intensity value
(e.g., an approximate mtensity value for all pixels or an actual
intensity value of amember pixel ) associated with a particular
neighboring block (1.e., a candidate patch) and the sink 306
may be labeled = a to represent each and every other intensity
value associated with the neighboring blocks. Fach edge (1.¢.,
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link) between the node 308 and another node 308 represents
a smoothness cost associated with assigning the intensity
value for a to adjoiming nodes 308. Fach edge between the
node 308 and either the source 304 or the sink 306 represents
a data cost associated with assigning either a or 7 a, respec-
tively, to the node 308. After the graph-cut technique 1s
applied, the image 302 1s segmented 1nto one or more nodes
308 that are associated with minimal energy values when
assigned the intensity value of a. Any remaining nodes 308
are not be assigned the same intensity value of a. In some
embodiments, the remaining nodes 308 retain their initial
label assignment. The expansion operation 1s repeated for
cach potential (1.e., priority) intensity value of the neighbor-
ing blocks until an optimal a 1s determined that results 1n
global minimal energy values.

In a swap operation, the i1mage processing software
replaces a label (e.g., approximate intensity values) for one or
more nodes 308 (e.g., blocks of pixels 1n the source region,
boundary areas and/or the target region) with another label. In
some embodiments, the one or more nodes 308 labeled a are
now labeled 3. In the graph 300, the source 304 may be
labeled a to represent an intensity value (e.g., an approximate
intensity value for all pixels or an actual intensity value of a
member pixel) of a particular neighboring block (1.e., a can-
didate patch) and the sink 306 may be labeled p to represent
another intensity value associated with another neighboring
block. In some embodiments, the source 304 may be labeled
with the optimal mtensity value determined by the previous
expansion operation. Sumilarly, each edge (1.e., link) between
the node 308 and another node 308 represents the smoothness
cost associated with assigning the intensity value for a and/or
3 to the two adjoining nodes 308. Each edge between the node
308 and either the source 304 or the sink 306 represents the
data cost associated with assigning either a or 3, respectively,
to the node 308. The intensity value swap procedure applies
the graph-cut technique to each and every combination of
intensity values for a and {3 until an optimal a and/or 3 1s
determined that results 1n the global minimal energy values
for the image 302.

It 1s appreciated that, 1n alternative embodiments, the pri-
oritized graph cut optimization described below may be per-
formed on the image 302 using numerous labels. The image 1s
partitioned 1nto a number of layers that equals the number of
labels. Hence, 1n a graph that 1s configured for n labels, a sink
1s connected to a source through numerous nodes arranged
across n layers.

FIG. 4 1s a flow chart illustrating a method 400 for in-
painting an 1image by prioritized graph cut optimization tech-
nique according to one or more embodiment of the present
ivention.

The method 400 starts at step 402 and proceeds to step 404.
At step 402, the image 1s accessed. In some embodiments,
image processing software (e.g., the 1image processing sofit-
ware 108 of FIG. 1) examines the image (e.g., the image 110
of FIG. 1) and 1dentifies a target region and a source region. At
step 404, the source region 1s partitioned 1nto blocks of pixels.
In some embodiments, the blocks may have a size of nxn
pixels. At step 408, the method 400 defines boundary areas. In
some embodiments, the image processing soltware defines
cach boundary area using a portion of the source region and a
portion of the target region. At step 410, the method 400
examines energy values for the boundary areas. In some
embodiments, the 1image processing soltware instructs an
energy computation module to calculate data costs and
smoothness costs for the boundary areas.

At step 412, the method 400 assigns intensity values to the
boundary areas using a graph-cut technique. These 1ntensity
values are optimal with respect to the neighboring blocks. In
other words, given pixel information (1.e., intensity values for

primary color components) from these neighboring blocks,
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the 1mage processing soitware determines a most-optimal
label assignment for the boundary areas that minimizes a
global energy. As shown in FIG. 5, the image processing
soltware performs an 1nitial labeling of intensity values for
the source region and the boundary areas. The 1nitial label
assignment 1s determined 1n response to pixel information at
the source region and the boundary areas. Subsequently, the
image processing soltware uses a graph-cut technique to

identity neighboring blocks having intensity values that are
associated with the minimal global energy. The identified
neighboring blocks may be used as candidate patches to per-
form an in-painting process on the target region of the image.

At step 414, the method 400 stores pixel information for
the boundary areas. In some embodiments, the 1mage pro-
cessing soltware may generate the pixel information in
response to the optimal (1.e., most-optimal) label assignment
for the boundary areas. The 1mage processing soitware may
copy portions of the pixel information for the identified
neighboring blocks (1.e., the candidate patches) to the pixel
information for the boundary areas. In some embodiments,
the stored pixel information includes a five component rep-
resentation of each pixel in the boundary area. As such, the
pixel information propagates texture information using at
least one of a vertical gradient and a horizontal gradient for
cach pixel within the image. The vertical gradient and the
horizontal gradient represent each pixel as: a product of par-
t1al dertvative along horizontal direction and normalization of
the color information and as a product of partial derivative
along vertical direction and a normalization of primary color
components, respectively.

At step 416, the method 400 determines whether the target
region 1s Completely in-painted. If the method 400 determines
that there are more pixels of the target region to be in-painted,
the method 400 proceeds to step 418 and repeats steps 408 to
416 until the target region 1s completely 111-pamted At step
418, the method 400 1dentifies a current target region and a
current source region. After in-painting the boundary areas,
the target region and the source region decreased and
increased, respectively, 1n size and shape. In some embodi-
ments, the method 400 shifts the image 1n a particular direc-
tion by n pixels where n 1s arbitrary number and classifies
portions of the image as belonging to the current target region
or the current source region. For example, the image process-
ing soitware shifts the image horizontally by a number of
pixels (e.g., five pixels). As another example, the 1mage pro-
cessing software shifts the image vertically or diagonally by
the number of pixels. If, on the other hand, the target region 1s
completely in-painted, the method 400 proceeds to step 420.
At step 420, the method 400 ends.

FI1G. 5 1s a flow chart illustrating a method 500 for perform-
Ing an in-painting process on an image in accordance with the
present mnvention. The method 500 starts at step 502 and
proceeds to step 504. Step 504 to step 506 represent an exem-
plary embodiment of the step 410 of the method 400.

At step 504, the method 500 examines data costs that are
computed between each boundary area and neighboring
blocks of a source region. In one embodiment, the data cost
for each neighboring block to the boundary area 1s computed
as:

Ey(x;) =

2

@E[ Pm Pm‘ [Pn Pn

M(p +dpw,;Gl1,(p+dp), I,(x; +dp)} | M,

M( ) 1s a function (1.e., a Boolean function) that produces
one 1f a current pixel 1s 1n a source region and zero 1f the
current pixel 1s in a target region. I,( ) 1s a function that outputs
a vector representation of pixel information (e.g., the pixel
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information 114 of FI1G. 1) for a particular pixel in an original
image, which includes values for primary color components.
X refers to a center pixel location of i” neighboring block. P
refers to a center pixel location at boundary area (1.e., node) p.
W, ; represents a weight associated with the i’ neighboring
node at the boundary area p. G{ } is an auxiliary function that
processes two vectors and returns one single intensity value.
The following are two examples of this function, but any

function capable of processing vectors 1s applicable:

_ 2
e 16{ 2 2}= ) (57 )

J

y1/p
-, > E - = =7
SR _ (‘l,j ‘2,..*')

) /

Example 2: G {

At step 506, the method 500 examines smoothness costs
between pairs of the neighboring blocks for each boundary
area. In one embodiment, the smoothness cost for each pair of
the neighboring blocks (x; and x,) associated with the bound-
ary area 1s computed as:

(L (x; +di) = L, (x; + dj)*

Step 508 to step 512 represent an exemplary embodiment
ol the step 412 of the method 400. At step 508, the method 500
assigns 1nitial intensity values for the boundary areas. Insome
embodiment, the image processing soltware assigns initial
intensity values onto the source region, the boundary areas
and/or the target region. These values may be assigned to
homogenous blocks (i.e., nodes) of pixels (e.g., a block of
cight by eight pixels). In the target region, nodes are initial-
1zed using intensity values of proximate neighboring blocks
because the smoothness cost E, 1s computed also uses the
proximate neighboring blocks. Initial intensity values are
selected from those proximate neighboring blocks having a
minimum distance to a current node location in the target
region. For the source region, each node 1n the source region
has an optimal 1ntensity value derived from a spatial location
and pixel iformation. For each boundary area, the initial
intensity value 1s equal or substantially simailar to a minimum
data cost (E,) using a weight w, .

At step 510, the method 500 executes a label assignment
expansion preeedure and a label assignment swap procedure.
Both use graph-cut to minimize global energy values associ-
ated with assigning one or more specific itensity values to
one or more boundary areas. At step 512, the method 500
determines intensity values that are associated with minimal
energy values. At step 514, the method 500 ends.

FIGS. 6A-B illustrate a tlow diagram of a method 600 for
performing a label assignment expansion procedure and a
label assignment swap procedure according to one or more
embodiments. FIG. 6A depicts the label assignment expan-
sion procedure and FIG. 6B depicts the label assignment
swap procedure.

The method 600 starts at step 602 and proceeds to step 604.
At step 604, the method 600 performs an expansion operation
using an intensity value. At step 606, the method 600 deter-
mines data costs and smoothness costs for the boundary areas.
At step 608, the method 600 applies a graph-cut technique to
the data costs and the smoothness costs for the boundary

areas. At step 610, the method 600 determines whether the
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energy value 1s a minimal energy value. If the method 600
determines that the energy value 1s the minimal energy value,
the method 600 proceeds to step 612, at which the intensity
value 1s stored. I, on the other hand, the energy value 1s not
the minimal energy value, the method 600 returns to step 604.

After step 612, the method 600 proceeds to step 614. At

step 614, the method 600 determines whether there are more
possible and/or prionty intensity values (e.g., labels). The
intensity values are assigned a priority that depends on a
distance between a neighboring block and a boundary area. If
there more priority intensity values, the method 600 returns to
step 604. If, on the other hand, the there are no more priority
intensity values, the method 600 proceeds to FIG. 6B.

FIG. 6B depicts a label assignment swap procedure. At step
616, the method 600 performs a swap operation using another
intensity value. In some embodiments, the swap operation 1s
performed with the itensity value determined by the expan-
s1on operation and the other intensity value. At step 618, the
method 600 determines data costs and smoothness costs for
the boundary areas. At step 620, the method 600 applies a
graph-cut technique to the data costs and the smoothness
costs for the boundary areas. At step 622, the method 600
determines whether the energy value 1s a minimal energy
value. If the method 600 determines that the energy value 1s
the minimal energy value, the method 600 proceeds to step
624, at which the intensity value 1s stored. If, on the other
hand, the energy value 1s not the minimal energy value, the
method 600 returns to step 616.

After step 624, the method 600 proceeds to step 626. At
step 626, the method 600 determines whether there are more
possible and/or priority intensity values (e.g., labels). The
intensity values are assigned a priority that depends on a
distance between a neighboring block and a boundary area. If
there are more priority intensity values, the method 600
returns to step 628. I, on the other hand, the there are no more
priority intensity values, the method 600 proceeds to step 630.
At step 630, the method 600 ends.

The method 600 selects a neighboring block having pixel
information (intensity or luminance) that 1s associated with a
mimmum energy value of a boundary area. For example,
during an expansion operation, some of the boundary areas
will have their mitial label assignment change to another
intensity value it the pixels for the matching neighboring
block would result in minimal global energy values. Use pixel
information from a possible matching block (starting with
most similar neighboring block) to perform the in-painting,
process on the image. For example, such pixel information 1s
used to restore deleted or damaged target regions. If a new
label reduces the energy from the 1nitial label, the new label 1s
assigned to the boundary area.

Embodiments of the present mvention provide minimal
error propagation while performing an in-painting process.
Multiple boundary areas (i.e., blocks of pixels within a
boundary between a source region and a target region) are
in-painted together instead of one block at a time, which
enables visual association or segmentation of blocks with
either a background or a foreground.

While, the present mvention 1s described 1n connection
with the preferred embodiments of the various figures. It 1s to
be understood that other similar embodiments may be used.
Modifications/additions may be made to the described
embodiments for performing the same function of the present
invention without deviating therefore. Therefore, the present
invention should not be limited to any single embodiment, but
rather construed 1n breadth and scope 1n accordance with the
recitation of the appended claims.
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The mvention claimed 1s:

1. A method of in-painting an image using prioritized graph
cut optimization, comprising:

accessing an 1image comprising a plurality of pixels that

form a source region and a target region, wherein the
source region comprises pixel imnformation;

partitioning the source region nto blocks;

defining a plurality of boundary areas comprising a portion

of the source region and a portion of the target region;
examining a plurality of energy values for the source region
and the boundary areas, wherein energy values represent
intensity comparisons between the boundary areas and
neighboring blocks of the source region; and
assigning labels to the boundary areas using a graph-cut
technique, wherein each label 1s associated with a neigh-
boring block and an minimal energy value for each
boundary area; and

storing pixel information for the boundary areas based on

the pixel information of the neighboring blocks associ-
ated with the minimal energy values.

2. The method of claim 1, wherein partitioning the source
region further comprises propagating a plurality of texture
values using at least one of a vertical gradient and a horizontal
gradient for each pixel within the image.

3. The method of claim 2, wherein using at least one of a
vertical gradient and a horizontal gradient further comprises
representing each pixel as: a product of a partial derivative
along a horizontal direction and normalization of primary
color components of a pixel and as a product of a partial
derivative along a vertical direction and a normalization of the
primary color components of the pixel.

4. The method of claim 1, wherein the neighboring blocks
are prioritized based on a distance from the boundary areas.

5. The method of claim 1, wherein examining a plurality of
energy values for the source region and the boundary areas
turther comprising:

examining a data cost between a boundary area and at least

one neighboring block; and

examining a smoothness cost associated with at least two

neighboring blocks for the boundary area.

6. The method of claim S further comprising selecting an
intensity value for the each boundary area based on the data
cost and the smoothness cost that correspond with the at least
one neighboring blocks.

7. The method of claim 1, wherein assigning the labels
further comprises executing a label assignment expansion
procedure and a label assignment swap procedure on the
boundary areas using intensity values from the neighboring
blocks.

8. The method of claim 1, wherein assigning the labels
further comprising perform a label assignment expansion
procedure to modify an 1nitial label assignment of the bound-
ary areas using intensity values of the neighboring nodes that
are associated with the minimal energy values.

9. The method of claim 1, wherein assigning the labels
turther comprising perform a label assignment swap proce-
dure to identity the intensity values that are associated with
the minimal energy values.

10. The method of claim 1 further comprising repeating the
defining step, the examining step, the assigning step and the
storing step until the target region 1s completely in-painted.

11. The method of claim 1, wherein assigning the intensity
values further comprises determining an optimal label assign-
ment for the boundary areas wherein the each boundary area
1s assigned at least one label from at least one neighboring
block, wherein the at least one assigned label 1s associated
with a minimal global energy for the image.
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12. The method of claim 1 further comprising identifying a
current source region and a current target region.

13. An apparatus for in-painting an 1image using prioritized
graph cut optimization, comprising;:

an 1mage processor for examining an image comprising a

plurality of pixels that form a source region and a target
region, wherein the source region 1s partitioned into
blocks that comprise pixel information and defining a
plurality of boundary areas comprising a portion of the
source region and a portion of the target region; and

an energy computation module for examining a plurality of

energy values for the source region and the boundary
arcas, wherein energy values represent intensity com-
parisons between the boundary areas and neighboring
blocks of the source region, assigning labels to the
boundary areas using a graph-cut technique, wherein
cach label 1s associated with a neighboring block and an
minimal energy value for each boundary area and stor-
ing pixel information for the boundary areas based on
the pixel information of the neighboring blocks associ-
ated with the minimal energy values.

14. The apparatus of claim 13 further comprising a energy
computation module for computing a data cost between a
boundary area and at least one neighboring block and com-
puting a smoothness cost associated with at least two neigh-
boring blocks for the boundary area.

15. The apparatus of claim 13 further comprising a graph-
cut module for applying the graph-cut technique to the image
and 1dentifying at least one of the neighboring blocks having
a label that 1s associated with minimal energy values.

16. The apparatus of claim 13, wherein the pixel informa-
tion comprises color information, a product of partial deriva-
tive along an horizontal direction and a normalization factor
of the color information and a product of partial derivative
along vertical direction and the normalization factor of the
color information.

17. A non-transitory computer readable storage medium
storing thereon one or more processor executable istructions
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that, when executed by at least one processor, causes the at
least one processor to perform a method comprising:
examining an 1mage comprising a plurality of pixels that
form a source region and a target region, wherein the
source region comprises pixel information;
partitioning the source region nto blocks;
defining a plurality of boundary areas comprising a portion
of the source region and a portion of the target region;

computing a plurality of energy values for the source
region and the boundary areas, wherein energy values
represent 1mtensity comparisons between the boundary
areas and neighboring blocks of the source region; and

assigning labels to the boundary areas using a graph-cut
technique, wherein each label 1s associated with a neigh-
boring block and an minimal energy value for each
boundary area; and

storing pixel mformation for the boundary areas based on

the pixel information of the neighboring blocks associ-
ated with the minimal energy values.

18. The computer-readable-storage medium of claim 17,
wherein the one or more processor executable instructions
perform the method further comprising alternating execution
of a label assignment expansion procedure and a label assign-
ment swap procedure on the boundary areas using intensity
values from the neighboring blocks.

19. The computer-readable-storage medium of claim 17,
wherein the one or more processor executable nstructions
perform the method further comprising selecting an intensity
value for the each boundary area based on a data cost and a
smoothness cost that correspond with the at least one neigh-
boring blocks.

20. The computer-readable-storage medium of claim 17,
wherein the one or more processor executable nstructions
perform the method turther comprising repeating the defiming
step, the examining step, the assigning step and the storing
step until the target region 1s completely m-painted.

G o e = x
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